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HYBRAEJ!}C CASTING OF LIQUR‘B POLYR@RS
Robert B, Treleass, Los A}amsi@s, Calit, assignor, by
mesge ess*@menfs, to the Unifed Siates of America
- &s represéumiad Ezry the Adminisirator of the Natioaal
_ Aerouguiics and Space Administration
Origina} spplication Sept. 4, 1962, Ser, No, 226,982.
Diviged saé this ﬁgsyhcaﬁon May 12, 1966, Ber. No.-

567,306
4 Claims. (C1. 18~26)

ABSTRACT OF THE DiSCLOSURE.

. This mventzcm relates to xmprovements in apparatus for-
casting materials, such as liguified polymers, uader. °

~e!evated pressures. More specifically, the invention pro-
vides, in a pressurized, closed:mold system, a core mem-
ber which includes channeled and outwardly tapered or
‘conical end. parhons adapted to be mated or recegived in
conical supporting’ surfaces disposed within the cavity

of the mold, These surfaces are arfanged adjacent

opposed transfer and éxit fluid condudting poris. The:

channels of the conical end portions are uniformly dis<
tributed and extend radially from the apex to form sprues
“terminating about the circymference of the end portions.
of a cy!mdnca] body of the core so that as viscous mate-
rial is fed or forced from a first 1so}atmg valve into the

mold cavity, through ‘the sprues, it is caused fo be in-

jected from one end of the cavity in a substantially uni-

-form manner. The injected material is caused to progress:

along the exterior surface of the body of the core to be
. discharged frcm the cavity to a second isolating valve,
through the converging channels or sprues of the opposite
end, The 1solatmg valves are provided at cither side of
the cavity in order fo isolate thé mold to thus assure that
desired pressure and material distribution is established
and maintained within the mold durmg the injection and
curing stages of the casting process in order to achieve
ubstamxal umform:ty in the resultmg products or
castm,s.

ORIGIN OF THE INVENTION

The invention described herein was made in the per-
formance of work under a NASA contract and is subject

to he provisions of Section 305 of the National.

- - Aeronautics and Space Act of 1958, Public Law 85-568

(72 Statote 435; 42 US.C. 2457). This application is a

dwzsmnal -of applxcatxon Sanal No. 220,982, filed Sept.
4, 1962,

- In recent years mo]dec. plastic ohjects have found wide
apphcanon in a great nimber of fields. With continued

development of new plastic materials, providing a diver--
sity of p!wsxcal and chemical properties t¢ meet varipus !

product requirements, there is every indication that the
range of usefoel apphcahons of molded plastic amc!es
will expand at an ever increas’ ; rate.
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. 2
Generally, thermoplastm matenals, e.g. those whﬂ‘:h
fluidize’ upon hesting dnd resolidify upon cooling, are

‘molded by mjecnon molding techniques, wherein the
‘plastic material is ‘metered into a heated cylindet, From

the Iatter cylinder; the molten plastic is forced by a ram
intc a closed, fluid-cocled mold. The piasnc material
solidifies upcm cooling within the mold and is readily
withdrawa in its solid state when the mold is opened.
Compression and transfer molding technigues are gen-
erally reserved for thermosetiing plastics which irreversi-
bly set or cure with the application of heat. In both of
those moiding’ processes, the plastic material is metered
ifito a mold cavity between two half sections of the mold
which are held between the platens. of a press. The mold
is heated, and pressure is applicd by the press to bring
the two sections of the mold togeher. The heat and pres- -
sure cause the fluidized plastic to sohd.fy in the shape of

~ the meld cavity:
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P!amc materials can also be cast in open moiﬁs na
manner similar 1o that used for casting molien metals, but

most of ihe aforedescribed thermioplastic and thermo- . —
. settmg materials are not sufficiently fuidized below their

* decomposition temperatures to A1l molds without the
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The molding of plastic articles is accomplished by -

_filling a mold cavity with a fluidized plastic which is sub-

segiiently solidified to produce an object conforming 10 -

* the shape of the mold eavity and requiring only finishing
‘operations, The molding technigues selected. ier the
~fabrication of such articles generally ‘depends upon the
specxﬁc type of p}asuc material employed.

60

application of external pressure. However, there i$ a class
of rubber and plasuc matenals, ‘hereinafter referred to
as pxastx"s, which are normally in a liquid state and which
are capable of being polymerized or reacted into a solid
state by means of an added catalyst. In some cases, polym-

_erization may also requite heatmo as well as the addition

of a catalyst. In this class of matena}s, e.8. Hgnid mon-
omer or partially polymerized solutions utilizing a2 mon-
omer as the solvent, a definite predetermmed quantity of
the catalyst used to promote solidification is usually added
to the pilastic just prior to the” molding Operation..
quuzd polymer plastics are generally used by pouring
the casting hqmd onto open molds. The viscosity of the -

_éasting Yiguid is usually low enough for the polymer to

flow and fill the mold cavity, proper fill being determined
by the Hguid level withity the mold. Conditions may be
adjusted so that polymerization takcs plice relatively
stowly at room temperatures, or, with some plastics, the
mold may be heated fo promote curing of the plastic

_material,

Casting of guid polymers is also used fm‘ pottmg
or encapsulation of varous objects, In such potting ap-
plications, the. liguid polymer and the article to be
potted dre placed within a mold cavity, the plastic ma<
terial uniting with the potted atticle during the cure
cycle. The orientation of the mold cavity, and gravita-
tional leveling of the lquid polymer, establish the exposed
surface of the petted compound.

Althcugh casting of liguid polymers in open molds -
is satisfactory for masy applicaiitons, a gumber of cases
exist where it is pecessary to precisely mold such liquid
polymers into complex cenﬁguratmns having extremely

‘close dimensions, e.8, as in the ‘¢ase of coating’ anothier

article with a precise thickaess of a specified liguid
polymer material. Such stringent rcquxremems can ged~
erally be satisfied only within closed, high pressure molds.
Hence, those concerned with the development of moldmg
technigues and apparatus have long recognized 'thé need .
for improved means for casting liguid polymer plastics
in this manner, The present invention fulfills this need.

" Moreover, in potting articles within liquid polymer .
? pmstac materials, it has been found that the addition of
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pressure substantially enbances the potting proo&ss.
Therefore, the apparams of the présent invention is also
<apable of producing potted articles of precise con-
figuration and enhanced quality.

Accordingiy, it is an object of the present invention to

provide a new and xmpmved apparatus for casnng Tiguid.

polymers..

Another ob;e& is to pmvxée app&ams for meldmg[

liguid p@iymer materials into configurations having ex-
tremely close dimensions. -

A furtbér object of the inverition is the provision of
‘an improved means ‘or castmg hqxnd polymers under
comrolled pmsum

$till anotadr object is to prov:de apparatus for mold-
ing 2 liguid po}mr material under its owa hydrautic
pressiire to 2 precise configuration.

Yet another object of the preseﬁt mventxon is provi-

sion of an improved means for potting ariicles in liquid
;)olymsr materials, - .
" A still fortber object is to pmvrde means for con-
trolled polymerization within 2 closed mold of a Houid
poiymer plastic apder praz:xscly controlied hyo:aahc pres-
sure.

The above and ethcr obzgcts and advantages of this
javention will be befier understood by reference to the
following detailed deempuon when considered in con-
nection with the accompanying drawings of aa. ulnstra-

~tive embodiment thereof, wherzin:

FIGURES 1 a2nd 2 are sectioned eievahonal vraws il-v

lustrating the agitation and de-acration stages for pre~
paring ihe Ilqmd polymer casting material}
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As observed in FIGURE 3, the dc—aerated foid miz-
ture of liguid plastic and cataiyst is trawmsferred from
tba tank 18 fo 2 moid 25 via the tronsfer pipe 16. The
pipe iéswup!sdazamendioiheopenbsﬁomofthc'
tank 18 and, at its ommsxte end, to tim basc of the mo!ﬂv
25,

A g;smn 27 pewes%d by a hy&rauixc cyiméer 2§ or any .

other appropriate drive means, seals the upper open end - -

of the tenk 19 and is adepled for verticabmoveinent aiong ;
the icper surfaces o*’ the tank, Hepcs, downward fmove- .
ment of the piston 27 wihin the tank 16 drives the fuid-
body 12 through the tramsfer pipe 16 © ibe mold 28
and provides s convenicst meane for regulsting the hy-
draulic pressure of the fuid within the moid c&vzty 28,

A bubble screen 2% is interposed in the transfer pipe 16.
{0 aid in forther removing any air bubbles still rermaining
in the liquid being treacferred to the mold..

An inlet valve 3tis pmvmed in the transfer pzpc 185,
and an ouilet valve 33 is pmvxt’sed in an exit pipe 35
communicating with the upper end of the mold 25 in
FIGURE 3. The valves 31 and 33 zre preferabiy of the

gate valvé variety for easy cléaning, but may be of any
appropriate design capable of withstanding the necessaxy

) _hynrauhc pressures:
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.FIGURE 3 15 a pamaﬂy sectioned elevational vrew, ‘

pornons being broken away, of the apperatus for trans-
ferring and molding the liguid polymer matenal in ac-
cordance with the invention;

FIGURE 4 is 2 sectional view taken along the Line

4—4 through the mold of FIGURE 3;

. FIGURE 5 4s a perspective view, a portion being
broken away, of ooe type of core suztable for use with
the moid of F‘XGJRES 3 and 4; and

FIGURE 6 is an end view, taken along the line 6~6
of FIGURE 3, illustrating the structure of the core end

caps for aligning the core “within the mold and which co- -
operate with the mold ba:armg surfaces to provide maﬂ- ]

foid end sprues.

Referring now to the draw;n
FIGURES 1-3 thereof, a tank i@ provides a coniainer
for a Buid body 12 of a selected liguid plast:c material.
Separdt" tanks may be emploved for each phase of pre-
paring the liguid polymer, or the single fank 18 may be
appropnaia}y adapted to contain the Huid body 12 during
each of the agitation, de-ag atxon, and tenk-to-mold
transfer phases of iha m;vm‘*nzzng process. To this end,
the tank 1¢ is provided with a plag fitting 14 which nor-
mally seals the botiom of the tank as shown in FIGURES

and pamculaﬂy to-

490
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As best observed in I—'IGURE 4 the maia b@év of the
mold 285 camprises 3 pair of complementary half sections
37, 33. The sections .37, 39 are adapted to seal the mold 25

by abu“img each othér in matmg engagﬂmcm along any

convenient split plane 48 which is ushaliy a cential plane
through the moid, The mold sections 37 39 may be
fabricated of any suitable structural matend, such as re-
inforced piasuc meiai, or the like. A pracucal arrange- :
ment is ons in whick the moid sections 37, 39 arfe fabr-
gated of fiberglass reinforced epoxy resin, and a core 42
(see FIGURES 3-5) adapted for imsertion within the
mold 25 is fabricated of a light metal such as sluminum;

In_assembling the maold 25, with the core 42 installed
in its propsr position mzhm the mold, the two mold -
sections 37, 39 are held together by any appropriate
clamping means, as by the ram 44 and platen 45 of 3
suitablé press (sse FIGURE 4).

Both the transfer pipe 16 and the e,at pipe 35 are lo-
cated symmetrically abont the split plane 48 of the mold
25 1o facilitate instaliation and removal of each of these

‘conduits when the moid i opened. To this end, the trans-

fer pipe 16 and cxit pipe 35 dre provided with hexagonal
collars or other appropriats fttings 47, 48, respectively,
which are adapted to seat within mamg recesses provuied ’
wxﬁmz the mold séctions 37 pnd 39, -

The upper and Yower surfaces §%, 52, resgamve%y, of. .

':be asstmbled mold 25 are tapersd to provide bearing .

surfaces which serve to aa&cmatxcaﬂy cegter ihe cors 42

_when it is ipstalied wzﬁkm the mold. Iw this connection,

1 aud 2. The plug ¥ is removable, however, to provide. |

an opening in the fank 16 through which the fluid body
A2 can enter a-tramsfer pipe 16 shown in FIGURE 3.

In mstmg Howid pﬁi}'mers, a controiled quantity of an
appropriate pa!mnza{ma catalyst is added to the liguid
piafuc ;mst prior to its use. As shown in FIGURE 1, the
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catalyst is mmnateiy blended into the fuid body 32 by

means of an agiiator 18 driven by any appmsnate power
source such as the motor 29.

By virtue of the viscosity of tbe fluid bedy 12 quan- ,6

tities of air are trapped within the fluid body 12 during

the ag:tatxon process. As’ showa in FIGURE 2, dézera-
_ tion 'of the finid body 12 is acco'nphshed by sub;ecnng-

‘the fluid in the tank 18 to 3 vacuum énvironment. Thit is
accompkshed by removing the agitator assembly and plac.
ing an end cpp 22 over the upper open end of the tank 18

" Thé end cap 32 is connected by a conduit 2316 an ap-

70

propriate vacuum source, Sub;ecuon of the finid body 12 ‘

to a vacuum causes any air bubbles within the flnid to
rapidly rise to the surface where they are eliminated.

- 98

-diks

the core 42 cuarries a cip 54 in threaded cngzeement with,
or otherwise apﬁronﬂazz%y secured to, each eogd of the
core, As will be apparent from FIGURES 3, 5 and 6, the
end caps 54 are shaped to mate with the bearing surfaces:
5% and 52 at the upger and lower ends of the mold 25,
and thereby precisely align the core 42 within the mold,
Each of the caps 54 are provided with 2 plarality of
s or grooves 86 which infersect at the apex 57 of the
cap. Exerxcc, when the core 42 and caps 5¢ are installed
within the mold 2§, the grooves 56 abut the snrfacss 5% .
and 52 of the mold o provide a ploratity of end sprues 89
{see FIGURES 3 and 4) through which the plasnccastmg =
hqux& may be adzmtted to the mpld cavity 28. '
The transfer pipe 16 terminates adiacent the apcx §70of -
the lewer cap 54 and zhkréby simultaneously feeds Heuid
1o the meold cavzty 28 through all of the lower! ‘end sprues
§3, When the mold is filled, excess liquid passes through
the upper end sprues 59 and into the exit pipe 35 which.
communitates with the apex 57 of the upper core cap 54,
The exit pipe 35 is connected to an appropriate vag-
uum source to assist in filling the mold 25 and to provide



3,381, 3»9

. additional de-aeration for removing entrapped air bubb!es :
w;ﬁmz the qud.

Ope.rauan of the apparatus of F!GURE 3isas foi!ows.
Both the jnlet valve 31 and the outlet valve 33 are opened..
The piston 27 is then moved downwardly in the tank 10
to drive the fiuid body 12 through the transfer pipe 16
and into'the mold 25, where the Iaqmd passes through the
end sprues 58 into the mold cavity 28. When the miold is
filled, as indicated’ by a sight giass &1 in the side of the

. exit pipe 35, the outlet vaive 33 s closed. Pumping of 1
liquid into the mold 25 is then continued until the de-
sired h)émuhc pressure level is attained within {he mold.
This’ hydrauhc pressure is indicated by a pressure gauge
63 communicating with the transfer pipe 16 at the base
of the mold. Upon reaching the desnred pressure level,
the inlet. valve 31 is closed. The cure cycle for the Liquid
p:)!ytrer plastic then pmceeds to completion, either with
or-without the use. of elevated mold temperatiires depend-
ing upon the specific plastic maienal employed. At the
end of the cure cyck:, the clamping pressure upon the mold
sections 37, 39 is removed to release the sections, and
the moid 25 is then opened to remove the cured article,
Tt will be appreciated that the wasté material remaining.
within -the sprues 59 may be removed or severed so that
the ‘end portions or caps 34 ‘may be removed from the
core 42 to facilitate disassociation of the core from the

“product in a4 conventional manner,

Although the invention has been zl!ustrated and de-
_scribed for molding a simple close dimension, cylindrical .
sleeve or coating of uniform wall thickness about the core
42, it is to be vnderstood that other, more compiex con-
figurations can be as readsly molded by varying the shape
of the core 42 and the mner waﬂ sm-fayes of the mold
sections 37, 39.° :

The core 42 may be left in place within the cured arti-
cle. If, however, it is desired to remove the core from the
cured erticle, then it is necéssary o oot away the plastic
‘material deposited in the sprves. Since the caps of the

. core are threaded Onto the center pormm 42 they may be

now screwed and the center portion 42 of the core can
then be removed leaving a cylindrical article.

- The apparams of the present invention is also useful
for polting various articles within hquxd polymer plastics,
In this regard, the article fo be pottéd is installed within
the mold 25 as a substitute for the core 42 in such pot-
ting applications, the article to be potted is provided with
suitable indexing means adapted 10 sngage-one Or fmore
of the end caps 54, for proper ahﬂvmcnt of the article
within the mold
] Pohmcnmuon catalysts generany reqmre the presence
of moisture to promote curing of the plastic, Below spe-
cific levels of relative humidity, dependmg upon the liguid
plastic and catalyst employed, curing of the plastic may
be inhibited. Moreover, before €ach use of the molding
appatatiss, all plastic contacting surfaces of the mold 25»
" and core 42 are freshly ceated. with a release agent o

minimize adhesion of the plastic to the surfaces. By using

a water base or water soluble release agent, fraces of
surface mozsture are introduced into tfie closed cavity
mold to promote curmg of the Hauid pelymer. Sodium
 lauryl sulphate has proven ° very satxsfactory as a re-
lease zgent for such purposes.

In potting applications, the bond between the article
being potted and the potting plastic may be further im-
proved by utilizing suitable adhesive primers. Wherever 6
adhesion is desired on a spec:ﬁc article surface, the 1o~
lease aaent is excluded from that surface. However, the res
-lease agent is used on il other molding surfaces.

* A varjation of the liquid polymer casting téchnique en--
ables ehmmatxon of the agitation and de-aeration stages -7
HMustrated in FIGURES'I and 2, This technique depends

' uyon surface catalyzahon of the liguid polymier materia),
in Awhich minute quantities of the. catalyst will promote
cuzing of the liquid. In catrying out this fechnique, the
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) mo!dmg surfaces are coaled uniformly thh the required 75

catalyst material pnor to pumping the hqmd plastic into
the moid.

The present invention satisfies a leng exxstmg need in
the plustics irdustry for an apparams capabie of precisely
casting liquid pbiymer materials into complex conﬁgura-
tion having extremely close dimensions, - -

It will be apparent from the foregoing that, while par~
ticular forms of my invention have been illustrated and.
described, various madxﬁca.tions can be made without de- -
parting fmm the spirit and scope of My invention. Ac-
cordingly, I do not intend that miy invention be Iimited,
except as by the appended claims.

I claitg:

1. A castmc apparatus fm' use in gz liquid plastic casung
system comprising:’ .
a closed, two secuoned mo}d mcludmg a mo!d cavity

therein; . '
an inlet and an outlet pxpe commun vcatmg with said

- mold. cavity, said inlet pipe bemg proviced for in-

3cctmg lignid polymers into said cavity and said outs
fet pipe being pmvaded for daschzrgm, Hquid pbly-
mers from said cavity;

valves on said inlet and outlet pipes for selectively iso-
‘lating said mold cavity from system' pressures;
three.sectional core centrally disposed within. sasd
cavity, said core including a central séction and op-
posed conical ends provided with means forming
sprues therein’ and which mate wxlh corresponding
portions of said mold cavzty, said corresponding
portxon of said mold cavity comprising means defin-
ing conical bearmg surfaces arranged ‘adjacent the
inlet and outlet pipes to thereby achieve a central dis-
position of the core within the caviiy. and maintain
the. core centrally disposed during the following &ll-
ing of the mold cavity with hqmd polymers;

means for pumping a hqmd plastic into said mold cavity

through said iplet pipe and raising the pressure of
‘said liquid within the sysiem to a selected pressure
level;

and means for evacnaimg aif from said nm}d cavity

through said outlet pipe.

2. A hydrauhc casting apatatus for lxqmd polymers,
according to claini ¥, wherein said core includes a eylin-
drical central section which relaasably mates with said
opposed conical sections. ‘

3. In a two-sectioned core-mold of the typc having 2
cavity. including means defining therein inlet and outlet
ports disposed betu en a: pa.xr of pressure control valves,
the improvement ‘comprising in combination:

bearing surfaces disposed vvnhm the cavity ad;aceni said

ports; .
a core member seated in the bearing surfaces and in-
cluding an elongated rentral body portion and a pair
. of conical end members disposed within said bearing
surfaces for supporting the core adjacent the inlet
and outlet poris of the cavity and in alignment there~
with;
and means deﬁnmg umformiy dxsmbnted radially di-
rected sprues ext,endmg from said ports to said body,
whereby flowable castmg material may be forced
from one pressure ‘control valve to the other valve
through said sprues along said body.
4. A sectional core member to he employcd in casting
apparatus of the type which employs a core member d™-
posad within 2 closed cavity inte which a casting rnaterial
is mjecied ander elevated pressures through spn.es, come
prising in combination: -
a body section comprising an ekmeaied membcr of a
préedetermined cress-sectional conﬁgumtmn, )

fBrst and second conical end sections cach including
-means defining a plurality of sprués radiating from
the apex ‘and termmatmg at the circumierence
thereof; :

and means coupling said end sections with said body

sect:rm and a core mold within wh:ch saxd core mm

a
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7 .
ber is disposed, said core mold having opposed wall
surface means therein for aligning said core member

by its conical end sections.
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